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Intracellular Ca2+Our recent studies indicate that hydrogen peroxide (H2O2) only at high concentrations can cause oxidative stress
in renal epithelial cells and induce apoptosis of podocytes. Consistently, the present study shows that H2O2, even
at 1 mM, failed to induce intracellular oxidative stress and apoptosis of the podocytes due to efﬁcient activity of
catalase, an enzymewhich degradesH2O2 to producewater and oxygen (O2). However, H2O2 acted as a source of
O2 to allow acute ethanol to induce superoxide production and cause apoptosis of the podocytes. In contrast,
acute ethanol alone did not elevate intracellular superoxide, even though it stimulates expression and transloca-
tion of p47phox to the plasma membrane. Inhibition of catalase abolished not only O2 production from H2O2
degradation, but also NOX2-dependent superoxide production in the podocytes challenged by both H2O2 and
acute ethanol. In parallel, acute ethanol in the presence of H2O2, but neither ethanol nor H2O2 alone, stimulated
transient receptor potential canonical 6 (TRPC6) channels and caused TRPC6-dependent elevation of intracellular
Ca2+. These data suggest that exogenous H2O2 does not induce oxidative stress due to rapid degradation to pro-
duce O2 in the podocytes, but the oxygenated podocytes become sensitive to acute ethanol challenge and under-
go apoptosis via a TRPC6-dependent elevation of intracellular Ca2+. Since cultured podocytes are considered in
hypoxic conditions, H2O2 may be used as a source of O2 to establish an ischemia–reperfusion model in some
type of cultured cells in which H2O2 does not directly induce intracellular oxidative stress.
© 2015 Elsevier B.V. All rights reserved.1. Introduction
It has long been known that alcoholism (chronic ethanol ingestion)
induces the liver damage. Ethanol promotes the liver injury induced by
hypoxia [1]. However, inconsistent evidence showing that ethanol
preconditioning reduces the live ischemia–reperfusion injury [18].
The inconsistency also exists for the effects of ethanol on neurons,
cardiomyocytes, and renal tubular cells: in the brain, ethanol either fa-
cilitates [4] or attenuates [13] hypoxia-induced neuron injury; in the
cardiovascular system, ethanol either increases the hypoxic damage to
the heart [8] or protects from the ischemia–reperfusion injury of the
heart [15]; in the kidney, ethanol either induces oxidative kidney injury
through taurine-inhibitable inﬂammation [11] or protects from the is-
chemia–reperfusion injury [31]. The mechanism for beneﬁcial effectsgy, Emory University School of
nited States.of ethanol on the ischemia–reperfusion injury remains unknown. In
contrast, the toxic effects of ethanol are known to be associated with
oxidative stress. Convincing evidence suggests that chronic ethanol
ingestion impairs alveolar epithelial barrier function by causing oxida-
tive stress via depletion of glutathione [6,7,10,30]. Several lines of
evidence indicate that ethanol stimulates the production of reactive ox-
ygen species (ROS) in a variety of cell types including neurons [27],
cardiomyocytes [32], and alveolar epithelial cells [3]. We have recently
shown that high glucose causes glomerular podocyte injury by elevating
intracellular ROS [14]. So far, there is no evidence showing that ethanol
can cause podocyte injury, at least not under physiological conditions. It
is known that podocytes are less susceptible to the ischemia–reperfu-
sion injury than the proximal tubule [5,28]. Therefore, it would be
very interesting to determinewhether ethanolmightmodulate the sen-
sitivity of the podocytes to the ischemia–reperfusion injury.
The ischemia–reperfusion injury has been extensively studied using
the in vivo animal models [12,16,20,25]. However, the in vitro cell
models have not been well established due to the difﬁculty of O2 deliv-
ery into the culture medium. During our previous studies, we have no-
ticed that H2O2 can be used as anO2 donor because exogenousH2O2 can
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of bubbles on the cells). In addition, H2O2, even at 0.3 mM, does not
induce signiﬁcant oxidative stress in cortical collecting duct (CCD)
principal cells [17]. Similarly, H2O2 fails to produce any effects in the
podocytes until its concentration reaches extremely high [14]. These
studies indicate that CCD cells and the podocytes may have a very efﬁ-
cient anti-oxidant system against the challenge with exogenous H2O2,
which may account, at least in part, for the low susceptibility of the
CCD and podocytes to the ischemia–reperfusion injury. Since ethanolFig. 1. Exogenous H2O2 does not elevate intracellular ROS unless its concentration is extremely
focal microscopy data from podocytes either in control conditions or treated for 15minwith 1m
diacetate (DCF), a membrane-permeable ﬂuorescent probe detecting intracellular ROS. Fluore
(B) RepresentativeWestern blot of catalase in thepodocytes either under control conditions or t
experiments (right). (C) Representativemicroscopy images of thepodocytes treated for 15min
data were summarized from three individual experiments. Arrows show formation of bubbles
Left images show that intracellular ROS in the podocytes before and at 1, 2, or 3min after additio
intracellular ROS in the podocytes before and at 1, 2, or 3min after addition of either 0.5mMor
ing consistent results.can induce oxidative kidney injury especially to the sensitive proximal
tubule [11], we hypothesized that ethanol might cause the podocytes
susceptible to the ischemia–reperfusion injury.
The present study has used cultured podocytes acutely exposed to
H2O2 (an O2 donor when degraded by cell endogenous enzymes) as
an in vitro ischemia–reperfusion cell model to investigate how ethanol
affects podocyte apoptosis under hypoxic (regular culture) and then
hyperoxic conditions (exposed to H2O2 at a concentration which does
not cause elevation of intracellular ROS). We show that ethanol acutelyhigh, but stimulates catalase expression to induce O2 production. (A) Representative con-
M or 5mMH2O2 (left). The podocytes were stainedwith 2′,7′-dichlorodihydroﬂuorescein
scence intensity was summarized from ﬁve separate experiments in each group (right).
reatedwith 1mMor 5mMH2O2 for 1 h (left); datawere summarized from three individual
with 1mMor 5mMH2O2 in the absence or presence of 10mM triazole, a catalase inhibitor;
after H2O2 treatment. (D) Confocal microscopy data from the podocytes stained with DCF.
n of 10mM triazole to the bath. Right images show that, in the presence of 10mM triazole,
1mMH2O2 to the bath. These images represent data from three sets of experiments show-
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ygenated by exogenous H2O2 and that this effect is mediated by TRPC6-
dependent elevation of intracellular Ca2.2. Materials and methods
2.1. Cell culture
An immortalized human podocyte cell line was provided by
Dr. Moin Saleem at Children's Renal Unit and Academic Renal Unit,
University of Bristol, Southmead Hospital, Bristol, UK. The cells were
cultured as described previously [24]. Brieﬂy, cells were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine serum and
100 U/ml penicillin–streptomycin, in humidiﬁed 5% CO2 incubators
and ﬁrst incubated at 33 °C. After the cells became 70% conﬂuent, they
were incubated at 37 °C for two weeks before any experiment manipu-
lations. To knock down the TRPC6 expression, the podocytes were
stably transfectedwith TRPC6 silencing short hairpin RNA (shRNA) car-
ried by a lentiviral vector (Santa Cruz Biotechnology). The podocytes
with reduced TRPC6 expression (TRPC6 knockdown podocytes) were
further selected in the presence of G418. Before the TRPC6 knockdown
podocyteswere used, the reduction of TRPC6 expressionwas conﬁrmedFig. 2. Acute ethanol stimulates NOX2 by promoting p47phox translocation to the plasmamem
podocytes under control conditions or treated with 0.16% ethanol for 1 h or 24 h, showing theby Western blot experiments. All the experiments in this study were
performed at room temperature.
2.2. Patch-clamp recordings
Cell-attached patch-clamp recordings of TRPC6 single-channel cur-
rents from the podocytes were carried out using an Axopatch 200B am-
pliﬁer (Molecular Devices, Sunnyvale, CA). Prior to the experiments, the
podocytes cultured on 35 mm petri dish were thoroughly washed with
NaCl bath solution containing (in mM): 145 NaCl, 3.4 KCl, 1 CaCl2,
1 MgCl2, and 10 HEPES; pH was adjusted to 7.4 with NaOH. The glass
micropipette was ﬁlled with the NaCl bath solution (the pipette resis-
tance is 7–10 MΩ). Most single-channel currents were obtained with
an applied pipette potential of 20 mV (−Vpipette =−20 mV). For de-
tecting the current–voltage relationship, several applied pipette poten-
tials were used. The current traces were ﬁltered at 1 kHz, and sampled
every 50 μs with Clampex 10 software. All experiments were conducted
at room temperature. The total number of functional channels in the
patch was estimated according to the number of peaks detected on
the current amplitude histograms using at least 5 min record. The
open probability (PO) of TRPC6 before (3-minute record) and 5 min
after each experimentalmanipulation (3-minute record)was calculated
using Clampﬁt 10.brane. (A–C)Western blots of either biotinylatedmembrane or total protein extracts from
expression levels of p47phox (A), gp91phox (B), and NOX4 (C).
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To evaluate apoptosis, the podocytes were stained with both
FITC-conjugated annexin V (AV) and propidium iodide (PI). Confocal
microscopy experiments were performed, as we previously describe
[26], to determine how ethanol induces apoptosis in the podocytes.
The cell membrane of apoptotic cells was stained with AV because
phosphatidylserine, a lipid which has a high binding afﬁnity to AV,
is externalized in the apoptotic cells. The nuclei of the apoptotic cells
were stained with PI because the nuclear membrane of the apoptotic
cells becomes permeable to PI. AV was excited with 488 nm laser and
visualized through a 515 nm emission ﬁlter, shown in green. PI
was excited with 488 nm laser and visualized through a 590 nm
emissionﬁlter, shown in red. Todetect the levels of intracellular reactive
oxygen species (ROS), the podocytes were incubated with 25 μM
2′,7′-dichlorodihydroﬂuorescein diacetate a membrane-permeable,
ROS-sensitive, ﬂuorescent probe, for 15 min. To determine the
levels of superoxide (O2−), the podocytes were incubated with 2 μM
dihydroethiodium (DHE), a ﬂuorescent probe for O2−, for 15min. Before
the confocal microscopy experiments, the cells werewashed twicewith
NaCl solution. To determine intracellular Ca2+, the podocytes were in-
cubated with 5 μM ﬂuo-4 AM, a ﬂuorescent Ca2+ indicator for 30 min.
Confocal microscopy XY scanning of the podocytes was accomplished
within 5–15 min. To determine the membrane localization of
p47phox, the podocytes were ﬁxed with 2% paraformaldehyde for
15 min and permeabilized with 0.1% triton X-100 for 15 min before
the immunolabeling of p47phox. In each set of experiments, images
were taken using the same parameter settings.
2.4. Western blotting
Either the control podocytes or the TRPC6 knockdown podocytes
were cultured as described above. Cell lysates (100 μg) from either
whole-cell or biotinylated plasma membrane were loaded and electro-
phoresed on 10% SDS-PAGE gels for 60 to 90 min. Gels were blottedFig. 3.Ethanol plusH2O2 elevates intracellular O2− via aNOX2- and catalase-dependentmechani
after treatmentwith 0.16% ethanol, 1 mMH2O2, or 0.16% ethanol plus 1 mMH2O2 in the absenc
with DHE, shown in red. (B) Summary plot of normalized O2− levels in the podocytes in each conto polyvinylidene ﬂuoride (PVDF) membranes for 1 h at 90 V. After
1 h blocking with 5% BSA–PBST buffer, PVDF membranes were respec-
tively incubatedwith a primary antibody of rabbit monoclonal antibody
to catalase (1:1000 dilution; Abcam, Cat# ab76024), goat polyclonal an-
tibody to p47phox (anti-NCF1; 1:1000 dilution; Abcam, Cat# ab795),
rabbit polyclonal antibody to gp91-phox (1:1000 dilution; EMD
Millipore, Cat# 07-024), rabbit polyclonal antibody to NOX4 (1:1000 di-
lution; EMD Millipore, Cat# ABC271), or rabbit polyclonal antibody to
TRPC6 (1:1000 dilution; Sigma, Lot # 8831P1) overnight at 4 °C, and
then incubated with horseradish peroxidase (HRP)-conjugated either
sheep anti-rabbit or donkey anti-goat IgG secondary antibody (1:5000
dilution, GE healthcare) for 1 h after 4 vigorous washes. Finally, blots
were visualized with chemiluminescence using ECL Plus Western blot-
ting detection system (GE healthcare).
2.5. Chemicals
Most chemicals were purchased from Sigma-Aldrich (St. Louis, MO).
H2O2 was purchased from Fisher Scientiﬁc. H2O2 was diluted with a
NaCl solution before it was added to the bath. All the solutions were
either premade and stored in −20 °C freezer or freshly made before
the experiments. All the concentrations listed in this study represent
the ﬁnal concentrations.
2.6. Statistical analysis
Data are reported as mean values ± SD. Statistical analysis was per-
formed with SigmaPlot and SigmaStat software (Jandel Scientiﬁc, CA).
Paired t-test was used for comparisons between pre and posttreatment
activities. The analysis of variance for multiple comparisons (ANOVA)
was used for the comparison among multiple groups with one factor
while two-way ANOVA was used for multiple groups with two factors
with Tukey post-analysis. Z-test and chi-squared test were used for
comparisons between the changes in percentage. Results were consid-
ered signiﬁcant if p b 0.05.sm. (A)Confocalmicroscopy images of podocytes either under control conditions or 10min
e or presence of 10 μMapocynin, 250 μMTEMPOL, or 10 mM triazole. O2−was determined
ondition.
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3.1. Catalase prevents oxidative stress, but promotes O2 production in the
podocytes challenged with exogenous H2O2
We have previously shown that exogenous H2O2 only at very high
concentrations can cause oxidative stress in distal nephron cells [17].
Consistently, confocal microscopy data show that H2O2 even at 1 mM
failed to elevate intracellular ROS in the podocytes unless its concentra-
tion was extremely high (5 mM) (Fig. 1A). Western blots show that
H2O2 at both concentrations signiﬁcantly elevated the levels of catalase
in the podocytes within 1 h, indicating that the podocytes have a very
efﬁcient antioxidant system adaptive to even sustained oxidative
challenge (Fig. 1B). To test whether catalase prevents oxidative stress
by promoting H2O2 degradation to produce H2O and O2, the surface
of the podocytes was monitored under the microscope. Starting at
15 min after exposure of the podocytes to either 1 mM or 5 mM H2O2,
bubbles were formed on the surface of control podocytes, but not of
the podocytes treated with a catalase inhibitor, 10 mM triazole
(Fig. 1C). To further determine the role of catalase, we examined intra-
cellular ROS in podocytes treated with triazole. The data show that the
inhibition of catalase did not affect basal ROS levels, but allowed exoge-
nous H2O2 to elevate intracellular ROS (Fig. 1D), indicating that less
H2O2 is degraded. This is consistent with the observation that fewer
bubbles (likely O2, which was produced from H2O2 degradation) were
formed in the presence of triazole. These data together suggest that
H2O2 at 1 mM does not induce oxidative stress in the podocytes, but
elevates intracellular O2. Since it is very difﬁcult to deliver O2 to theFig. 4. Ethanol plusH2O2 induces TRPC6 channel activity in podocytes. (A) Representative single
(−Vpipette =−20 mV). Either 0.16% ethanol or 1 mM H2O2 was applied to the podocytes in
materials section) either alone (control, left) or containing SKF-96563 (right). “C−” show
(B) Current–voltage relationship of this channel recorded from 5 cell-attached patches, show
rectiﬁed. (C and D) Summary plots of open probability (PO) of 6 cell-attached patches in each
cell-attached patch formed on a TRPC6 knockdown podocyte; a total of 7 cell-attached patchescultured cells, H2O2 at 1 mM may be used for oxygenating podocytes
to establish an in vitro reperfusion model.
3.2. Acute ethanol induces oxidative stress only in oxygenated podocytes
Previous studies have shown that chronic ethanol causes oxidative
stress in lung epithelial cells by stimulating NOX2 [3]. However, it re-
mains unknown whether acute ethanol can induce oxidative stress by
stimulating NOX2 in podocytes. Western blots show that treatment of
the podocytes with 0.16% ethanol for either 1 or 24 h signiﬁcantly
elevated bothmembrane and total p47phox (Fig. 2A), a regulatory sub-
unit of NOX2 and that 24-h treatment with ethanol also increased both
membrane and total gp91phox, the catalytic subunit of NOX2 (Fig. 2B).
However, treatment with ethanol did not alter the expression of NOX4
(Fig. 2C). The translocation of p47phox to the plasma membrane of the
podocyteswas further conﬁrmed by confocalmicroscopy data as shown
in Fig. 2, D and E. To determine whether ethanol elevates superoxide
(O2−), the podocytes were stained with DHE, an O2− indicator. Confocal
microscopy shows that the treatment of the podocytes for 30 min
with either 0.16% ethanol alone or 1 mM H2O2 alone did not alter the
O2− levels in the podocytes. In contrast, the treatment of the podocytes
with 0.16% ethanol even for 15min in the presence of 1mMH2O2 signif-
icantly increased intracellular O2− in the podocytes; the effect was
abolished by co-treatment of the podocytes with apocynin (a NOX2
inhibitor), TEMPOL (a synthetic SOD analog), or triazole (a catalase
inhibitor) (Fig. 3, A and B). These data suggest that O2 produced from
catalase-dependent degradation of H2O2 may serve as a source for
ethanol-activated NOX2 to generate O2−.-channel records from cell-attached patches when 20mVwas applied to the patch pipette
the patch chamber. Patch pipettes were ﬁlled with NaCl bath solution (see Methods and
s the baseline when the channel is closed. Downward events show inward currents.
ing that the channel has a linear conductance of 21 pS and is slightly outwardly voltage-
experimental condition. (E) Acute ethanol plus H2O2 failed to induce such a channel in a
were formed, showing consistent results.
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O2
−-dependent mechanism
We have previously shown that high glucose-induced oxidative
stress activates TRPC6 in the podocytes [14]. To determine whether
ethanol stimulates TRPC6 in oxygenated podocytes (1 mM H2O2 serves
as an oxygen donor), cell-attached patch-clamp experiments were per-
formed both in control podocytes and TRPC6 knockdown podocytes.
Application of 1 mMH2O2 in the presence of 0.16% ethanol signiﬁcantly
activated a channel (Fig. 4, A and B), which was blocked by 10 μM
SKF-96365, a non-selective blocker of Ca2+ channels including TRPC6
(Fig. 4, C and D), in control podocytes, but no such channel activity
was observed in TRPC6-knockdown podocytes (Fig. 4E). Since the
above results have shown that 1 mM H2O2 did not induce oxidative
stress, but acted as a source for catalase to generate O2, these patch-
clamp data suggest that acute ethanol permits H2O2 (probably O2) to
stimulate TRPC6 in the podocytes. Since acute ethanol stimulates
p47phox translocation to the plasmamembrane (Fig. 2A), we hypothe-
sized that ethanol acutely enhances NOX2 activity by promoting the
movement of p47phox to NOX2 and that, therefore, NOX2-dependent
generation of O2− might mediate the synergistic activation of TRPC6
by ethanol and H2O2 (O2). The data show that application of 100 μM
2,3-dimethoxy-1,4-naphthoquinone (DMNQ; Sigma, Cat #: D5439), an
O2− donor, signiﬁcantly activated a similar channel in cell-attached
patches (Fig. 5, A and B), which was also blocked by 10 μM SKF-96365
(Fig. 5, C and D), in control podocytes. Fig. 5E shows that the current–Fig. 5. DMNQ, an O2− donor, activates TRPC6 channels in podocytes. (A and C) Representative s
100 μMDMNQ to the podocytes in the patch chamber. Patch pipetteswere ﬁlledwith NaCl bath
PO of 6 cell-attached patches in each experimental condition. (E) Current–voltage relationship o
conductance of 23 pS and is slightly outwardly voltage-rectiﬁed. (F) DMNQ (100 μM) failed to i
total of 6 cell-attached patches were formed, showing consistent results. (G) Western blot of TR
after treatment of the cells with 100 μM DMNQ for 5 or 10 min as indicated. (H) Summary plovoltage relationship of the channel is similar to that shown in Fig. 4B.
However, no such channel activity was induced by DMNQ in TRPC6-
knockdown podocytes (Fig. 5F). To determine whether superoxide
stimulates TRPC6 trafﬁcking to the plasma membrane, we also per-
formed biotinylation experiments. The data show that the treatment
of the podocytes with 100 μM DMNQ did not signiﬁcantly alter the
levels of TRPC6 in the cell membrane (Fig. 5, G and H), indicating that
superoxide at least does not acutely affect TRPC6 trafﬁcking to the plas-
ma membrane. Activation of TRPC6 by 0.16% ethanol plus 1 mM H2O2
was abolished by the pretreatment of the podocytes with 250 μM
TEMPOL, 10 μM apocynin, or 10 mM triazole (Fig. 6A and B). These
data together suggest that H2O2 degradation by catalase is required
for acute ethanol to activate TRPC6 in the podocytes via a NOX2-
dependent generation of O2−.
3.4. Acute ethanol elevates intracellular Ca2+ via NOX2-dependent
activation of TRPC6 in oxygenated podocytes
Since TRPC6 is a Ca2+-permeable cation channel [9], activation of
TRPC6 should result in the elevation of intracellular Ca2+. To test
whether the activation of TRPC6 channel could elevate intracellular
Ca2+, both the control and TRPC6 knockdown podocytes were incubat-
ed with Fluo-4, a Ca2+ probe. The data show that application of 1 mM
H2O2 in the presence of 0.16% ethanol signiﬁcantly elevated intracellular
Ca2+ and that the effect wasmimicked by application of 100 μMDMNQ
(Fig. 7A). In contrast, such an elevation was not observed in the TRPC6-ingle-channel activity recorded from cell-attached patches before and after application of
solution either alone (control, A) or containing SKF-96563 (C). (B andD) Summary plots of
f this channel recorded from 5 cell-attached patches, showing that the channel has a linear
nduce such a channel in a cell-attached patch formed on a TRPC6 knockdown podocyte; a
PC6 from biotinylated cell membrane of the podocytes either under control conditions or
t of relative TRPC6 protein levels from four separate experiments.
Fig. 6. Ethanol plus H2O2 stimulates TRPC6 via a NOX2-, catalase-, and O2−-dependent mechanism. (A) Cell-attached patch-clamp recordings from podocytes either under control condi-
tions or 5 min after application of 0.16% ethanol or 1 mM H2O2 in the absence or presence of 10 μM apocynin, 250 μM TEMPOL, or 10 mM triazole. A voltage-step protocol from 0 mV to
−20 mV was used; between each voltage step the patch membrane was held at the resting membrane potential. (B) Summary plot of TRPC6 PO in each condition.
Fig. 7. Ethanol plus H2O2 elevates intracellular Ca2+ in podocytes via O2−-dependent activation of TRPC6. (A–E) Representative confocal microscopy images of the podocytes before
(the ﬁrst image) and after addition of 1 mM H2O2 or 100 μM DMNQ to the bath; the podocytes were under control conditions, pretreated with 0.16% ethanol, or transfected with
siRNA to TRPC6 to knockdown TRPC6, in the absence or presence of 10 μM apocynin, 250 μM TEMPOL, or 10 mM triazole. (F) Summary plots of relative ﬂuorescence intensity.
971X.-Y. Lu et al. / Biochimica et Biophysica Acta 1853 (2015) 965–974
972 X.-Y. Lu et al. / Biochimica et Biophysica Acta 1853 (2015) 965–974knockdown podocytes (Fig. 7B). Elevation of intracellular Ca2+ by ei-
ther 0.16% ethanol plus 1 mM H2O2 or 100 μM DMNQ was abolished
by either knockdown TRPC6 expression or the pretreatment of the
podocytes with 250 μM TEMPOL, 10 μM apocynin, or 10 mM triazole
(Fig. 7, C and D). These data suggest that acute ethanol elevates intracel-
lular Ca2+ in the podocytes via a NOX2-dependent activation of TRPC6.
3.5. Acute ethanol induces apoptosis of oxygenated podocytes via activation
of TRPC6
To determine whether acute ethanol induces apoptosis by elevating
ROS in oxygenated podocytes, we still usedH2O2 as a tool tomanipulate
the levels of intracellular O2. Confocal microscopy experiments were
carried out to detect apoptosis, as we previously described [14]. Fig. 8
shows that the treatment of the podocytes with both 0.16% ethanol
and 1 mM H2O2 for 30 min induced apoptosis in control podocytes;
the percentage of apoptotic podocytes was increased, from 1 ± 2% to
22 ± 7% (n = 45, p b 0.01) but remained at a low level (5 ± 5%)Fig. 8. Acute ethanol plus H2O2 induces apoptosis of podocytes via TRPC6. (A and B) Represent
podocytes (B); the podocyteswere either in control conditions or treated for 30minwith 0.16%
SKF-96365. (C) Summary plots of % apoptotic podocytes in each experimental condition (calcul
with FITC-conjugated Annexin V (AV, shown in green) due to phosphatidylserine externalizati
ages were taken to show total podocytes in each microscopy ﬁeld. (D) Western blotting experi
plots of relative TRPC6 levels in either control or TRPC6 knockdown podocytes from three sepawhen culturemedium contained 10 μMSKF-96365 (Fig. 8, A–C). In con-
trast, neither ethanol norH2O2 alone induced apoptosis; only 2±2% ap-
optotic podocytes were detected when the cells were treated with
either ethanol or H2O2 alone. In the TRPC6-knockdown podocytes, no
apoptosis occurred even after the podocytes were treated with ethanol
in the presence of H2O2; the percentage of apoptotic podocytes was 2±
3% (control) versus 4± 4% (after ethanol plus H2O2) (n=15, p N 0.05).
Reduced TRPC6 expression in TRPC6 knockdown podocytes was con-
ﬁrmed with Western blot experiments, as shown in Fig. 8, D and E. In
parallel with the results from patch-clamp recording of TRPC6 and
confocal microscopy measurement of intracellular Ca2+, podocyte apo-
ptosis induced by 0.16% ethanol plus 1 mMH2O2 was also abolished by
the pretreatment of the podocytes with 10 μM apocynin, 10 mM tri-
azole, or 250 μM TEMPOL, and mimicked by 100 μM DMNQ (Fig. 9, A
and B). The percentage of apoptotic podocytes was 2 ± 2% (control),
30 ± 9% (ethanol plus H2O2), 6 ± 5% (ethanol plus H2O2 after pretreat-
ment with apocynin), 10 ± 4% (ethanol plus H2O2 after pretreatment
with triazole), or 5 ± 5% (ethanol plus H2O2 after pretreatment withative confocal microscopy images from either control podocytes (A) or TRPC6 knockdown
ethanol, 1mMH2O2, or 0.16% Ethanol plus 1mMH2O2 in the absence or presence of 10 μM
ated from 15microscopy ﬁeld of three separate experiments). Apoptotic cells were stained
on and propidium iodide (PI, shown in red) due to permeable nuclear membrane. DIC im-
ments showing reduced TRPC6 expression in TRPC6 knockdown podocytes. (E) Summary
rate Western blotting experiments.
Fig. 9. Acute ethanol plus H2O2 induces apoptosis of podocytes via a NOX2- and catalase-dependent generation of O2−. (A) Representative confocal microscopy images from the podocytes
either in control conditions or treated for 30min with 0.16% ETHANOL plus 1 mMH2O2 in the absence or presence of 10 μM apocynin, 250 μM TEMPOL, or 10mM triazole. (B) Summary
plots of % apoptotic podocytes in each experimental condition (calculated from 15 microscopy ﬁeld of three separate experiments).
973X.-Y. Lu et al. / Biochimica et Biophysica Acta 1853 (2015) 965–974TEMPOL). These data together suggest that acute ethanol induces the
apoptosis of oxygenated podocytes via a TRPC6-dependent elevation
of intracellular Ca2+.
4. Discussion
H2O2 has been used as an experimental oxidant to in vitromimic ox-
idative stress occurred in the cell. However, the concentrations of H2O2
used in the experiments vary from nanomolar to millimolar (mM). The
IC50 for exogenous H2O2 to affect postsynaptic potentials of neurons is
nearly 6 mM [21]. Our recent studies show that experimentally added
H2O2 does not elevate intracellular ROS in cortical collecting duct prin-
cipal cells unless its concentration reaches 3 mM and that such a high
concentration of H2O2 does not induce any cell death [17]. The request
of high concentrations of exogenous H2O2 to elevate intracellular ROS
is not surprising because all the H2O2 invaded into the cell would be de-
graded by catalase to produce H2O and O2. Here we show that H2O2,
even at 1 mM, is unable to elevate ROS in the podocytes, but induces
formation of bubbles on the cell surface (Fig. 1). Because these bubbles
are dependent on the activity of the catalase which promotes H2O2
degradation to H2O and O2, we argue that the bubbles are formed due
to the production and release of O2 from the podocytes. Since regular
cell culture conditions are considered as hypoxic conditions (mimicking
ischemia), the present study has used H2O2 as a tool to oxygenate
(mimicking reperfusion) podocytes to determine how ethanol affects
oxygenated podocytes. The data show that the oxygenation of the
podocytes with H2O2 (reperfusion) is unable to cause podocyte apopto-
sis. This is consistent with the fact that ischemia–reperfusion injury of
the kidney often occurs to the proximal tubule [5,28] rather than to
the podocytes which are one critical component of glomeruli. The data
also show that after the artiﬁcial reperfusion ethanol does cause
podocyte apoptosis. These in vitro studies have set a platform for inves-
tigators to determine whether ethanol ingestion could sensitize the
podocytes to the ischemia–reperfusion injury.
The role of TRPC6 in podocyte pathology has been highlighted by re-
cent discoveries that TRPC6 is a channel in glomerular slit diaphragm
[23] and that a mutation in the TRPC6 gene causes familial focal
segmental glomerulosclerosis [29]. Since overexpression of TRPC6 by
in vivo gene delivery causes proteinuria [19], which is one of the charac-
teristic symptoms of glomerulosclerosis, the abnormalities in TRPC6 forcausing familiar focal segmental glomerulosclerosis are likely to be
gain-of-function mutations [22]. However, it is not clear whether
TRPC6 is active in the podocytes from normal subjects and whether it
can be activated in ischemia–reperfusion conditions. Using a cultured
human podocyte cell line, we show that TRPC6 is inactive in control
conditions, indicating that basal TRPC6 activity may not be required
for glomerular function. This argument is consistent with the evidence
that the TRPC6-deﬁcient mice do not show any obvious renal pheno-
type [2]. However, our data indicate that ethanol can strongly activate
the silent TRPC6 channel in oxygenated podocytes. Since TRPC6 is a
Ca2+-permeable channel [9], this strong activation of TRPC6 by a com-
bination of ethanol and hyperoxic conditions should result in a massive
elevation of intracellular Ca2+ which causes apoptosis, as we have
discussed in our recent publication [14]. However, it remains to be fur-
ther determined via an in vivo model whether ethanol causes the
podocytes to be susceptible to the renal ischemia–reperfusion injury.
We also show that the exposure of the podocytes to ethanol for 24 h
can increase the expression of both gp91phox and p47phox. However,
the exposure of the podocytes to ethanol alone, even for 24 h, could
not induce apoptosis (data not shown), indicating that long exposure
to ethanol alone may not be able to cause podocyte injury. However,
the expression of both gp91phox and p47phox induced by chronic eth-
anol may act as risk factors for the podocytes to be susceptible to ische-
mia–reperfusion injury. The related work would serve as an interesting
topic for our future studies. The main discovery of the present study is
that acute ethanol enhances membrane p47phox to elevate gp91phox
activity, the main subunit of NOX2, which is already in the plasma
membrane. It appears that the availability of extra O2 plays a critical
role for acute ethanol to induce oxidative stress, activation of TRPC6,
and podocyte apoptosis.Acknowledgement
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